The sensitivity and specificity of immunocytochemistry were compared with those of non-isotopic in situ hybridisation (NISH) for the direct detection of human papillomaviruses in biopsy specimens. Four monoclonal antibodies raised to the capsid protein of HPV16 were less specific than NISH: all four reacted with lesions containing HPV33, and HPV18. Absolute discrimination of HPV types, therefore, was not possible with the monoclonal antibodiesused in this study. The relative sensitivities of these antibodies were also lower than NISH. Sequential immunocytochemistry and NISH on the same section showed that 2-9-13-0 times as many cells were positive by NISH than by immunocytochemistry using the most sensitive monoclonal antibody.
and monoclonal antibodies. 8 Many viral proteins to which antibodies are directed, however, are expressed in a cycle dependent manner and their demonstration depends on synthesis directed by the virus. This requires that the appropriate part of the viral genome is retained within the nucleus and that it is being transcribed/translated. Polyclonal antibodies raised to the bovine papillomavirus (BPV) capsid protein have been used to detect HPV types in human biopsy specimens, because they cross react with several human viral subtypes.' Using molecular techniques, bacterial fusion proteins can be synthesised and used as immunogens in mice. Monoclonal antibodies to specific viral proteins have therefore been generated with a view to achieving viral specificity. 7 2) (TBS) for 30-60 minutes at 22°C. Dilutions lower than 1 in 50 gave unacceptable background. Subsequent detection followed one of two procedures: 1 After washing for five minutes in TBS sections were sequentially incubated in rabbit anti-mouse (Dako, UK) diluted 1 in 50 in TBS, then alkaline phosphatase anti-alkaline phosphatase complex (APAAP) diluted 1 in 50 in TBS. Signal was developed using nitroblue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl phosphate (BCIP).'9 2 After washing in TBS sections were sequentially incubated in biotinylated rabbit anti-mouse [F(ab')2 fragment] (Dako, UK) diluted 1 in 200 in TBS, then streptavidin peroxidase (Dako, UK) diluted 1 in 100 in TBS containing 5% non-fat milk. Signal was developed using aminoethylcarbazole (AEC). This was prepared by dissolving 2 mg AEC in 1 2 ml dimethylsulphoxide followed by addition to 10 ml sodium acetate buffer (pH 5 0).
H202 was added (1 pl of stock 30% (v/v)) immediately before use.
The polyclonal antibody (Dako, UK) was used at a dilution of 1 in 100 in blocking agent TBT followed by mouse anti rabbit immunoglobulins (Dako, UK) diluted 1 in 25 in TBT. Subsequent detection was performed in the same way as that for the monoclonal antibodies.
UNMASKING OF NUCLEIC ACIDS
Before in situ hybridisation sections were incubated in proteinase K at a concentration of 500 jug/ml (about 20 units/mg protein) in phosphate buffered saline (PBS) for 15 minutes at 37°C. Slides were washed thoroughly in distilled water followed by PBS and dried at 75°C.
NON-ISOTOPIC IN SITU HYBRIDISATION
Probes for HPV types 6, 11, 16, 18, 31, and 33 were labelled with biotin by nick translation, as described previously.20 Aliquots of hybridisation mix (9 ,ul) containing 10-20 ng of the appropriate biotinylated probe were added to each well on multispot slides, covered with a glass coverslip (Chance, UK), and the slides placed in a moist Terasaki plate. Hybridisation mix consisted of 50% formamide, 5% dextran sulphate (BDH, UK), 2 x SSC, and 0-05 mol/l TRIS-HCI (pH 7-3); 1 x SSC = 0-15 mol/l sodium chloride, 0-015 mol/l sodium citrate. Sections and probes were simultaneously denatured at 95°C for 15 minutes on a solid stainless steel plate in a hot air oven and then hybridised at 42°C for two hours.
DETECTION OF HYBRIDISATION SIGNAL
Preliminary experiments were carried out under high stringency conditions to ensure that the biopsy specimens contained only one HPV type.
Slides were washed in three changes of 4 x SSC at 22°C (five minutes each change). They were then soaked in blocking agent TBT (0 05 mol/l TRIS-HCI, 0 10 mol/l NaCl (pH 7 2) containing 3% bovine serum albumin and 0 05% Triton 100 (v/v)) at 22°C for 10 minutes.
Probe hybridisation was detected using either streptavidin peroxidase or APAAP, as described for immunocytochemistry, with monoclonal anti-biotin, diluted 1 in 50 in TBT as the primary antibody. 
